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(54) Phase coherent low frequency 
speaker 

(57) A phase coherent low frequency 
dynamic woofer type loud speaker 
has a shallow depth convex cone 
diaphragm (25) peripherally secured 
to a loud speaker support frame at 
one face. A ring permanent magnet 
(41) is disposed behind the convex 
cone (25) encircling a concentrically 
disposed smaller diameter pole piece 
(39). A tubular voice coil (47) is 
centrally secured to the internal face 
(27) of the vibrating cone (25) and is 
disposed in the annular space (53) 
between the concentric circular pole 
piece (39) and the inner circular 
volume of the permanent magnet 
(41). A fiat back plate (45) is 
adjustably secured to the pole piece 
(39) and the permanent magnet (41) 
to hold them in a concentric array. 
The back plate (45), pole piece (39). 
ring magnet (41) and top plate (36) 
form a magnet assembly which in 
one embodiment is removable as a 
unit from the speaker support. 

Multiple supports (35) having a 
triangular cross-section extend 
radially to the exterior loud speaker 
mounting frame. Also disclosed is a 
tunable acoustic resonator having a 
domed diaphragm, similar to that of 
the speaker, coupled to a tunable 
length resonant tube. 
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SPECIFICATION 

Phase coherent tow frequency speaker 

5 The present invention relates to a phase co- 
herent low frequency loud speaker. 

Previously proposed speakers are as fol- 
lows. 

Berragni, in US 3 722 617 issued March 
10 27, 1983, discloses a flat diaphragm for 
sound transducers having a flat front face and 
rear face, defining a central figure portion con- 
nected to an electromagnetic assembly and 
surrounded by a marginal vibration damping 
15 portion of larger thickness than the adjacent 
penpheral zone of the figure portion. 

Bertagni, in US 3 767 005 issued October 
23, 1973, discloses a flat bud speaker dia- 
phragm with means for enhancing the low fre- 
20 quencies wherein the diaphragm has a margi- 
nal vibration damping portion surrounding a 
sound producing figure portion and at least a 
portion of said marginal vibration damping 
portion is connected to a plate-like member 
25 adapted to vibrate only in the low frequency 
range. 

Allison, in US 4 029 910 issued June 14, 
1977. discloses an audio Joud speaker com- 
prising a diaphragm which is rotationally sym- 

30 metrical about a central axis, the diaphragm 
including a sound propagating surface extend- 
ing between a larger circular edge and a small 
circular edge spaced apart therefrom along the 
axis in the direction of sound propagation. 

35 The voice coil frame is secured to the dia- 
phragm adjacent the smaller edge, the larger 
circular diaphragm edge is fixed relative to the 
magnetic structure (e.g. to the moutning 
panel). 

40 In US 4 317 965 issued March 2. 1982, 
Toyoda discloses a dynamic loud speaker ' 
formed with a vibration plate disposed be- 
tween a yoke and a permanent magnet. The 
vibration plate is substantially planar with a 

45 central projecting cylinderical region. A voice 
soil is disposed on the vertical wall of the 
central projecting region of the vibration plate 

In US 3 955 055 issued May 4, 1976, 
Kawakomi et al disclose a dynamic loud ' 

50 speaker including a dome type diaphragm hav- 
ing at least one convex surface and another 
concave surface, contiguous with the convex 
surface. Specifically, the concave surface is 
annular portion surrounding the convex sur- 

55 face. 

According to the invention there is provided 
a loud speaker comprising a rigid substantially 
planar support member having an interior hub 
portion, an annular frame portion spaced apart 

60 from the hub portion, and a plurality of radially 
extending spokes coupling the hub portion and 
the annular frame portion, the hub portion fur- 
ther defines a centre aperture and a concentric 
recess, and a magnetic assembly having a 

65 cylindrical central pole piece having an outer 



diameter smaller than that of the centre aper- 
ture, and an annular ring magnet concentrically 
disposed about a portion of the pole piece 
having an inner diameter greater than the 
70 outer diameter of the pole piece; and a vol- 
ume chamber formed by the space between 
the pole piece and the ring magnet; and a 
voice coil assembly having a cylindrical insula- 
tive tube and a plurality of conductive electric 
/5 windings wound upon the insulative tube; and 
a generally dome-shaped diaphragm having a 
convex exterior surface and a concave interior 
surface; and means attaching the voice corl 
insulative tube to the concave interior surface 
80 of the diaphragm; and means resiUently sup- 
porting the diaphragm from the annular frame 
portion of the support member such that the 
convex exterior surface faces outwardly from 
the support member and the voice coil as- 
85 sembly extends into the volume chamber. 

The speakers to be described herein provide 
a thin speaker, as measured from the back 
plate securing the permanent magnet and the 
pole piece to the exterior of a convex cone 
90 diaphragm. 

The speakers have less audio distortion than 
conventional low frequency audio speakers 
and have a low manufacturing cost, as com- 
pared to conventional audio speakers having 
95 basket structure. 

As will be appreciated these speakers have 
a more limited audio distortion in a convex 
cone diaphragm and provide a structural frame 
producing less distortion due to reflected au- 
100 dio waves. 

The low frequency phase coherent speaker 
can be secured in the same plane of a loud 
speaker enclosure with higher frequency 
speakers, with less resulting audio distortion 
105 Low frequency phase coherent speakers em- 
bodying the invention will now be described, 
by way of example, with reference to the ac- 
companyrng diagrammatic drawings in which: 
Figure 1A is a cross-sectional view through 
110 a conventional audio loud speaker enclosure 
having a low frequency, a mid frequency and 
a high frequency speaker in non-planar posi- 
tions and conventional audio quality; 
Figure W is a cross-sectional view through 
115 an audio loud speaker embodying the inven- 
tion, illustrating the planar position of the low 
frequency, mid frequency, and the high fre- 
quency speakers providing improved audio 
emission quality with less audio distortion; 
120 Figures 2 A and 2B ©are cross-sectional' views 
through similar embodiments of thin improved 
low audio frequency speakers having improved 
phase coherence: 
Figure 3 is a planar front cross-sectional 
125 view through 3-3 of Fig. 2A. illustrating an 
improved low frequency speaker having im- 
proved audio coherence; 

Figure 3A illustrates the triangular cross-sec- 
tional view of a radial spoke of Fig. 3; 
130 Figure 4 is another planar front cross-sec- 
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tional view through an improved low fre- 
quency speaker having improved audio phase 
coherence, the speaker formed an elliptical 
frontal geometry; 
5 Figure 5 is stfll another planar front cross- 
sectional view as in 3-3 of Fig. 2A through 
an improved low frequency speaker having im- 
proved audio phase coherence, and few radial 
spokes of triangular cross-section. 

10 Figure 6 is a projection view of an improved 
audio thin loud speaker enclosure having a 
high frequency and a low frequency speaker 
of improved audio phase coherence. Both 
speakers are secured in a single plane with 

15 minimum audio distortion, and are suitable for 
mounting the enclosure in an automobile door, 
or in other thin enclosure space; 

Figure 7 is an exploded assembly view of a 
speaker constructed in accordance with the 

20 present invention; 

Figure 8 is a partially sectioned perspective 
view of an embodiment of the present inven- 
tion speaker having a diaphragm-driver cooling 
system; 

25 Figures 9A and SB are respective section 
views of an alternate embodiment of a dia- 
phragm for the present invention speaker; 

Figures 10A through 100 are simplified sec- 
tion waves of alternate embodiments of dia- 
30 phragm for the present invention speaker; 

Figure 11 Is B partially sectioned perspective 
view of the diaphragm embodiment of Fig. 
10C; 

Figure 12 is a partially sectioned perspective 
35 assembly view of a portion of the removable 
diaphragm and support therefor of the present 
invention speaker; 

Figure 12A is a section view of the magnet 
and voice coil assembly of the present inven- 
40 tion speaker; 

Figure 12B is a partial section view of the 
embodiment of the present invention speaker 
shown in Fig. 12; 
Figure 13 is a sectioned detail drawing of 
45 an alternate embodiment of the binding post 
of the present invention speaker; 

Figures 14A and 14B are partially sectioned 
perspective views of resonators constructed in 
accordance with the present invention; 
50 Figure 14AA is an assembly view of the 
embodiment of the present invention shown in 
Fig. 14A; 

Figure 14BB is an assembly view of the em- 
bodiment of the present Invention shown in 
55 Fig. 14B; 

Figure 15 is an elevational side view of re- 
sonators in Fig. 14 A; 

Figure 16 is a tubular section for receiving 
either resonators of Fig. 14A or 15 and 
60 woofer, as shown in Fig. 2B; 

Figure 17 is an elevational side view of 
speaker cabinet with dual tubular sections 
supportive of the woofers; and 
Figure 18 is a square geometric shape of 
65 the mounting frame,as described herein. 



A thin depth phase coherent low frequency 
loud speaker 10 of the woofer type is illus- 
trated in Fig. 1B, illustrating its substantially 
thinner depth than is achieved by a conven- 

70 tional bw frequency loud speaker 11 of Fig. 
1A. As can be seen, the depth 13 of enclo- 
sure 12 of Fig. 1B can be reduced as com- 
pared to enclosure 12' of Fig. 1A. This is 
made possible by the reduced depth of 

75 speaker 10. The construction of Fig. 1A illus- 
trates the phase differences of audio vibra- 
tions from the several conventional audio loud 
speakers, as high frequency speaker 15, mid 
frequency speaker 16, and conventional low 

80 frequency speaker 11 reach the listener at 17 
at different time intervals, providing audio dis- 
tortion. 

The construction of the Fig. 18 illustrates 
phase coherence of the several loud speakers, 
85 high frequency speaker 18. mid frequency 
speaker 19, and low frequency 10 disposed 
and secured in a planar arrangement of the 
vibrational diaphragms of the speakers 18, 19 
and 10, so as to provide less distortion of the 
90 sound waves emitted by each speaker, as 
heard by the listener at 20. By installing the 
voice coPs of speakers 18, 19 and 10 in the 
same plane, afl the speakers are in sound 
phase and the sound waves reach the listener 
95 at the same time at 20. 

Fig. 2 A sets forth a cross-sectional view of 
the present invention speaker generally refer- 
enced by numeral 10 having a generally planar 
support 30 comprising a centre hub 104 

100 which defines a central aperture 53 a circular 
recess 37 and a circular recess 100. Central 
aperture 53 and circular recesses 37 and 38 
ere all concentric for reasons set forth below 
tn greater detail. A plurality of spokes 35 ex- 

105 tend radially outwardly from the perimeter of 
hub 104 and support an annular mounting 
frame 33 which in turn defines an interior face 
32 and a diaphragm recess 105. Mounting 
frame 33 further defines a plurality of mount- 

110 ing holes 34 equally spaced about the peri- 
meter thereof. A generally dome-shaped dia- 
phragm 25 defines a first face 26, a second 
face 27 and an exterior apex 24 at its centre. 
A diaphragm periphery 28 comprising a gener- 

115 ally annular resilient member is bonded to the 
perimeter of diaphragm 25 along first face 26 
thereof and to diaphragm recess 105 of sup- 
port 30. Diaphragm 25 is supported by dia- 
phragm periphery 28 in a resilient manner per- 

120 milting diaphragm 25 to move laterally (that is 
toward or away from hub 104) to produce 
acoustic energy. A generally tubular voice coil 
47 is attached to second face 27 of dia- 
phragm 25 and is concentrically disposed with 

125 respect to said diaphragm and extends 

through central aperture 53 of hub 104. An 
annular top plate 36 having a plurality of ex* 
ternal threads 101 about its perimeter is re- 
ceived by circular recess 37 and maintained 

130 therein by the cooperation of threads 101. A 
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ring magnet 41 having generally annular con- 
struction is received by circular recess 100 in 
hub 104. A generally annular backplate 45 
having a face 46 is bonded to ring magnet 41 
5 at face 44 thereof. Top plate 36 defines a 
central aperture 106 while ring magnet 41 de- 
fines a centraf aperture 1 10. A pole piece 39 
comprises a generally cylindrical member, 
formed of a magnetic metal such as iron, 
10 which is concentrically received with respect 
to apertures 53, 106 and 110. The space 
between apertures 53, 106 and 1 10 and the 
exterior of pole piece 39 and face 46 of back- 
plate 45 defines a channel volume 40 which 
15 receives a portion of voice coil 47. In accor- 
dance with well-known speaker fabrication 
techniques, voice coil 47 accommodates a 
plurality of electrically conductive windings 
111 which terminate in voice coil wires 112. 
20 Support 30 receives a pair of binding posts 
102 which extend through apertures 113 in 
support 30 and receive the end portions of 
voice coil wires 1 12. 
In operation, an alternating electrical signal 
25 is coupled to winding 1 1 1 by binding posts 
102 and wires 1 12 and produces a corre- 
spondingly varying magnetic flux in the region 
surrounding winding 111. By well known elec- 
tro-magnetic principles, the flux variations 
30 around winding 111 interact with pole piece 
39 to create forces between winding 111 and 
pole piece 39 which because of the greater 
mass and rigid mounting of the pole piece, 
cause axial forces to be exerted against voice 
35 coil 47. Because voice coil 47 rs free to move 
within channel volume 40 these forces result 
in motion of voice coil 47 and diaphragm 25 
with respect to support 30. The resilience of 
diaphragm periphery 28 permits substantial 
40 motion of diaphragm 25 thereby producing 
acoustic energy. 

Due to the unique construction of the 
speaker set forth in Fig. 2A, the overall depth 
21 indicated from apex 24 to first face 22 of 
45 backplate 4S is maintained at a substantially 
lesser depth than that found in conventional 
cone-type speaker constructions. A multi- 
crimped annular spider sheet 52 is attached to 
hub 104 and to voice coil 47 by adhesive 
50 bonding and provides a dust cover protection 
For channel volume 40 and voice coil 47. 

The improved toad speaker shown in Rg. 
2A using a one piece support 30 and the 
adapth/ely sized circular recess 37 and circular 
55 recess 100 to receive and centrally dispose 
the circular top plate 36 and ring magnet 41 
produces an extremely compact speaker con- 
struction in which a maximum of diaphragm 
motion is obtained without excessive speaker 
60 depth. 

Rg. 2B sets forth on alternate embodiment 
of the present invention speaker substantially 
similar similar in structure and operation to 
that shown in fig. 2A in that a support 30 
65 defines a mounting frame 33 and a hub 104 



which receives and centrally locates a ring 
magnet 41 in top plate 36 having the same 
construction as that shown in Fig. 2 A and 
defines a central aperture 53 which together 
70 with back plate 45 defines a channel volume 
40. Also similar to the speaker construction 
of Fig. 2A diaphragm 25 is supported by a 
resilient diaphragm periphery 28 and defines a 
generally concave dome structure supporting a 
75 voice coil 47 a portion of which extends into 
channel volume 40. The primary difference be- 
tween the embodiment shown in Fig. 2B from 
that in Rg. 2A is the provision of a rearwardly 
extending boss 33A surrounding mounting 
80 holes 34 and the greater depth between in- 
terior surface 32 of support 30 and mounting 
frame 33 of support 30 resulting in a coplanar 
alignment between the end of boss 34A and 
mounting frame 33. Further, an extension 34B 
85 extends rearward from the outer perimeter of 
mounting frame 33 and terminates in substan- 
tial alignment with the end of boss 34A. In 
further distinction, a pair of screws 103 are 
supported in support 30 rather than the bind- 
90 ing posts 104 utilized in the embodiment of 
2 A. Screws 103 however receive the ends of 
wires 112 in a similar fashion to binding posts 
102 and permit electrical connections to be 
made to coil winding 111. 
95 The object of the structural differences of 
the embodiment in Fig. 2B is to produce a 
structure which facilitates mounting the pre- 
sent invention loud speaker directly upon flat 
surfaces such as walls or cabinets without the 
100 use of a receiving cavity structure. This pro- 
vides considerable advantage in economy in 
applications such as car doors, closet doors, 
desks and the like, in which spaces having 
limited volume and accessibility are used to 
105 accommodate speakers. In addition, the im- 
proved speaker of Fig. 2B may be installed or 
mounted in the same plane as other similarly 
structured to provide improved overall geo- 
metry of the speaker system. 
110 In the embodiments of both Figs. 2A and 
2B. substantial advantage over prior art struc- 
tures is achieved by the threaded fastening 
between top plate 36 and circular recess 37 
and hub 104 in that the entire magnetic struc- 
115 ture comprising top plate 36, ring magnet 41, 
back plate 45 and pole piece 39 is easily 
removable. This ready removal of the mag- 
netic structure provides considerable advan- 
tage in ease and speed of assembly as well 
120 as great flexibility due to its ability to receive 
interchangeable magnet structures having dif- 
ferent characteristics. This permits the system 
designer to vary speaker performance in ac- 
cordance with overall system parameters by 
125 simply changing, the magnetic structure. 

Referring to Figs. 2A, 2B, and Fig. 3 to- 
gether, the planar support component 30 can 
be a one piece aluminium casting or a high 
density, moulded plastic component, or 
130 stamped sheet metal. Support component 30 
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has a planar peripheral exterior mounting 
frame 33. multiple spokes 35 having triangular 
cross-section as shown in Fig. 3A integrally 
secured to frame 33. Top plate 36 is inte- 
5 grally secured to each spoke 35, The cross- 
section of the tubular voice coil 47 is also 
illustrated. Not more than the six equally angu- 
larly spaced mounting poles 34 are provided 
for securing the speaker 10 to an audio enclo- 
10 sure. No mounting frame gasket is required 
externally for trie one piece planar support 
component 30. 

A thin circularly crimped annular disc spider 
sheet 52 is bonded to the tubular voice coil 
15 47 at sheet 52 inner periphery and to the 
bevelled edge 50 of the top plate 36, using 
an adhesive such as epoxy cement (not 
shown). The crimped spider sheet 52 provides 
a dust cover for the speaker and is radially 
20 crimped to provide vibrational flexibility. 

Fig. 4 is a frontal cross-sectional view, as in 
Fig. 3, which illustrates another speaker modi- 
fication 60 having ellipsoidal frontal geometry, 
the geometric shape being useful for special 
25 speaker mounting space requirements. The 
overall planar support component 61 has the 
same basic construction as component 30. 
There is a planar exterior mounting frame 62 
with four mounting poles 63 , eight radial 
30 spokes 64 integrally extending from frame 62. 
The tubular voice coil 66 is shown in cross- 
section. The eight spokes 64 have triangular 
cross-sections, as in Fig. 3A, with a triangular 
apex 67 frontaUy extending. 
35 Fig. 5 is another frontal cross-sectional 
view, as in Fig. 3, of a circular loud speaker 
70, distinguished from loud speaker 30 of Fig. 
3. The distinguishing feature of speaker 70 is 
four larger cross-seciion radial spokes 71, 
40 which can be sired for the desired rigidity. 
The spokes 7 1 are integrally secured to the 
mounting frame 72. A tubular voice coil 74 is 
shown in cross-section. 
Referring to Fig. 6, there is illustrated a 
45 phase coherent loud speaker system 80. hav- 
ing a thin depth 81 of an enclosure 82. A 
higher frequency speaker 83 is shown, to- 
gether with the low frequency speaker type 
represented by 10, 60, 70 and the like. Both 
50 speakers, 83 and 84, are shown disposed in 
and secured to enclosure 82 at front panel 
85. The system 80 provides phase coherent 
audio signal due to the in-phase coherence of 
the audio signal from speakers 83 and 84. 
55 The loud speaker system 80 is adaptrvely 
sized to be secured in restricted volumes, 
such as car doors, closet doors, desks and 
other spaces of limited volumes, yet produce 
quality audio signals. 
60 Conventional loud speakers fmpal* sound 
waves as the cones move up and down, the 
standing waves reflected off the frame com- 
ponent structure cause sound distortion. The 
speaker cones act as air pistons, pushing the 
65 air in response to electrical impulses applied 
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to the voice coils. The cone response is not 
uniform unless the entire cone moves with the 
voice coil. The deep conventional speaker 
cone causes flex and breakup during the long 

70 cone excursions, resulting in sound distortion. 
In contrast, the improved phase coherent 
loud speaker of the present invention utilizes 
st'rffer, less flexible diaphragm cone, creating a 
smoother frequency response. The voice coil 

75 of the present invention improved loud 

speaker can be installed in the same plane of 
the loud speaker enclosure as the high fre- 
quency speakers, allowing all sound waves to 
reach the listener at the same time. The bev- 

80 elled edges of frame component tend to elimi- 
nate reflecting sound waves, and distortion. 

The simplified production of parts and the 
low assembly manufacturing costs of the pre- 
sent invention speaker lead to lower overall 

85 cost of production. The frontal dimensions of 
the present invention improved speaker can be 
varied as required by design choice and appli- 
cation. As should be apparent, the improved 
phase coherent loud speaker of the present 

90 invention is thinner than a corresponding con- 
ventional woofer such as speaker 1 1 of Fig. 
1A. The improved phase coherent speaker of 
this invention is responsive to sound waves 
having frequencies of 20 to 5000 Kz, with 

95 particular responsiveness to the lower fre- 
quency range of 20 to 1000 Hz. 

Planar frontal support components can have 
circular, ellipsoidal, square frontal geometry 
and the like. 

100 fig. 7 sets forth an exploded or assembly 
view of a speaker constructed in accordance 
with the present invention and having a struc- 
ture similar to that set forth in Fig. 2A. As 
can be seen by examination of Fig. 7, a 

105 dome-shaped diaphragm 25 and diaphragm 
periphery 28 form a unitary structure which is 
assembled to voice coil 47 by adhesive bond- 
ing or similar technique producing a structure 
which is then inserted into the central aperture 

110 53 of support 30. As mentioned, support 30 
is constructed in accordance with the descrip- 
tions set forth in Fig. 2A. however, suffice it 
to note here that spokes 35 are of the trian- 
gular construction set forth in Fig. 3A and 

1 1 5 disposed such that the inclined surfaces 

thereof reduce acoustic interaction and reflec- 
tions from the interior of diaphragm 25. Top 
plate 36 comprises an annular member which 
defines a plurality of exterior threads 101 

120 which, as mentioned, are received within the 
underside of support 30 by circular recess 37 
(not visible). Back plate 45 and pole piece 39 
are adhesively bonded together and further 
bonded to ring magnet 41 and top plate 36 

125 to produce the magnetic unit above described 
as being interchangeable. As can be seen in 
Fig. 7, once back plate 45, pole piece 39. 
magnet 41 and top plate 36 are bonded to- 
gether, the assembly of their combined struc- 

130 ture to support 30 is a simple matter of mat- 
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ing exterior threads 101 with the correspond- 
ing threads of circular aperture 37 and turning 
the structure until top plate 36 is fully re- 
ceived wilhin circular recess 37. 
5 Fig. 8 sets forth an alternate embodiment of 
the present invention speaker in which dia- 
phragm 25 voice coil 47, spider sheet 52, 
hub 104, diaphragm periphery 28 are of sub- 
stantially the same structure as that set forth 
10 in Figs. 2 A and 2B. Further, the magnet struc- 
ture comprising back plate 45, pole piece 30, 
ring magnet 41 and top plate 36 are also of 
identical structure to that set forth in previous 
embodiments and in accordance therewith are 
15 received within circular recess 37 of hub 104 
in an identical manner to that set forth in pre- 
vious embodiments. 

The substantial difference between the em- 
bodiment of Rg. 8 and that shown in previous 
20 figures is the modification of the structure to 
include a heat sink 1 14 which is of generally 
annular construction and is received by and 
overlies hub 104. Heat sink 1 14 defines a 
plurality of fins 115 which extend radially out- 
25 ward from hub 104. Heat sink 114 further 
defines a plurality of slots 120 radially dis- 
posed with respect to the centre axis of the 
speaker structure and in general alignment 
with the spaces between fins 1 15. A plurality 
30 of channels 116 form passages through the 
body of heat sink 1 14 to couple slots 120 
and the spaces between fins 115. 

The structure of heat sink 114 permits the 
passage of air through slots 120, channels 
35 116, and outward between fins 115. As 
known, the presence of high power electrical 
currents within an electrical winding such as 
winding 1 1 1 of voice coil 47 produces heat 
which often becomes damaging to the winding 
40 assembly. It is desirable in speaker structures 
to dissipate such heat to the extent possible. 
To meet this need, prior art structures often 
included motor driven cooling fens within 
speaker enclosures to produce such cooling. 
45 Such motor driven fans produce noise and are 
costly. However, the improved structure of the 
present invention embodiment set forth in Fig. 
8 provides forced air cooling without any mo- 
tor driven fans by using the free channel of air 
50 moving inward and outward from the magnet 
structure as diaphragm 25 is moved with re- 
spect to support 30. The motion of dia- 
phragm 25 produces a mechanical push-pull 
acrlon wne reby substantial volumes of air are 
55 moved across the structure of heat sink 1 14 
and fins 115 resulting in cooling of the 
speaker structure without the use of additional 
forced air systems. As a result, high electrical 
currents can be used in the voice coil winding 
60 assembly without increasing the impedance of 
the structure and reducing the power output 
of the speaker. 

Figs. 9A and 9B set foth an improved dia- 
phragm structure in accordance with the pre- 
65 sent invention in which a unitary voice coil 



and diaphgram structure is provided with addi- 
tional support by the use of diaphgram rein- 
forcements. Specifically, and as shown jointly 
in Figs. 9A and 9B, diaphragm 25 and voice 
70 coil 47 form a unitary structure substantially 
the same as that set forth in previous embodi- 
ments. The difference in the embodiment of 
Figs. 9A and 98 however is the provision of 
additional diaphragm supports 121 upon sec- 
75 ond surface 27 of diaphragm 25 which extend 
substantial distances outward from voice coil 
47. The extent of diaphragm support utilized 
is a matter to some extent of design choice. 
However, diaphragm supports 121 will in 
60 most applications be formed of a mechanically 
stable material and positioned with respect to 
diaphragm 25 to produce an optimum ratio of 
stiffness to weight in the resulting structure. 
The optimization of this ratio of stiffness to 
85 weight produces a proper acoustic response 
with maximum mechanical stability. The use of 
the reinforcements of diaphragm supports 121 
prevents the occurrence of the phenomenon 
known as 'cone breakup', caused by non-lin- 
90 ear motion and undesirable harmonic distortion 
as diaphragm 25 moves under the influence of 
voice coil 47. In addition, the use of dia- 
phragm supports 121 reduces the phenome- 
non known as 'edge resonance' in which the 
95 mechanical resonance of diaphragm 25 as an 
acoustic resonator becomes a factor in 
speaker performance. 

Figs. 10A through 10D show simplified 
cross sectional views of alternate embodi- 
100 ments of diaphragm 25 all of which utifize the 
integral structure of diaphragm 25 and voice 
coil 47 and all are interchangeable with dia- 
phragm 25 in the preceding embodiments. 
However, the structure set forth in Figs. 10A 
105 through 10D differ in the inclusion of various 
refinements of diaphragm construction. Fig. 
10A sets forth a secondary diaphragm 121 
having a generally smaBer surface area than 
that of diaphragm 25 and being attached to 
110 the center portion of diaphragm 25 by a rigid 
support 122. The function of secondary dia- 
phragm 121 is to provide an effective high 
frequency response while still being driven by 
the same voice coil 47 as diaphragm 45. 
115 Fig. 1 0B sets forth a similar embodiment to 
that of Fig. 10A with the variation that rather 
than the rigid support 122 shown in Fig. 10A 
a resifient support 124 is used to attach sec- 
ondary diaphragm 1 23 to the apex of dia- 
120 phragm 25. The advantage of using resilient 
support 124 is to reduce the interaction be- 
tween secondary diaphragm 123 and dia- 
phragm 25 by providing vibrational acoustic 
dampening to reduce acoustic energy coupled 
125 between secondary diaphragm 123 and dia- 
phragm 25 particularly that acoustic energy 
which emerges from the back of secondary 
diaphragm 123. As a result, the possibility of 
mechanical intermodulation between the two 
130 diaphragms is reduced. 
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Figs. 10C and 10D provide central struc- 
tures which act to control the pattern of 
acoustic energy produced by the motion of 
diaphragm 25. It should be generally noted 
5 that the domed structure of diaphragm 25 in 
all of the present invention embodiments pro- 
duces a substantially improved more uniform 
radiation pattern of acoustic energy than con- 
ventional cone structures which tend to con- 
10 centrate the high frequencies along the center 
axis of the speaker and thereby cause a loss 
of fidelity for listeners not aligned along the 
speaker axis. In contrast, the domed structure 
of the present invention diaphragm 25 tends 
75 to produce a more uniform pattern of radiation 
due to its hemispherical construction in turn 
results in improved phase coherency. Within 
the general improvement of the hemispherical 
. structure of diaphragm 25 however, the em* 
20 bodiments of Figs. IOC and 10D provide cen- 
ter structures which permit the alteration of 
this radiation pattern. Fig. 10C for example, 
provides a diaphragm aperture 125 in the cen- 
ter of diaphragm 25. A center dome 126 hav- 
25 ing a smaller radius of curvature than dia- 
phragm 25 is banded to the perimeter of dia- 
phragm aperture 125 to produce a convex 
center structure which as mentioned alters the 
acoustic radiation pattern of diaphragm 25. 
30 Conversely, the embodiment shown in Fig. 
100 provides a concave structure 130 which 
extends inwardly into voice coil 47 and is 
bonded to diaphragm aperture 125. 
As would be expected, the radiation pattern 
35 produced by center well 130 differs susbstan- 
tially from that produced by center dome 126. 
It is important to note in examination of Figs. 
10A through 10D that the utiUzation of the 
appropriate combination of center structures, 
40 provides substantial flexibility in tuning or re- 
fining the total system response of speaker 
systems using the present invention speaker 
structure. 

Frg. 1 1 sets forth a perspective view of the 

45 embodiment of diaphragm 25 shown in Fig. 
10C. As can be seen, draphragm 25 is 
bonded to voice coil 47 in accordance with 
the embodiments set forth above. In addition, 
diaphragm aperture 125 is centrally located 

50 with respect to diaphragm 25. Further, center 
dome 126 is bonded to diaphragm 125 and 
overlies draphragm aperture 125. 

Fig. 12 sets forth a partially sectioned ex- 
ploded view of a portion of an alternate em- 

55 bodiment of the present invention in which 
there is provided the capability to remove dia- 
phragm 25 from the speaker permitting inter- 
change of diaphragm structures or replace- 
ment of damaged or defective diaphragms. 

60 Support 30 is constructed substantially in ac- 
cordance with the annular support used in pre- 
vious embodiments and in accordance with 
previous embodiments defines a centre hub 
104 and a mounting frame 33 coupled by a 

65 plurality of radially extending spokes 35. The 



magnet structure is substantially the same as 
that set forth in prior embodiments. In addi- 
tion, centre hub 104 defines a first hub sur- 
face 164 inclined to the plane of support 30 
70 and a second hub surface 168 substantially 
parallel to the plane of support 30. Hub 104 
further defines an outwardly extending hub lip 
163 which as set forth below cooperates with 
snap ring 162 to secure spider 52. Diaphragm 
75 25 includes a resilient diaphragm periphery 28 
constructed in accordance with embodiment 
set forth above and a spider sheet 52 as well 
as a voice coil 47. Diaphragm periphery 28 
fits within and is accommodated by diaphragm 
80 recess 105 when diaphragm 25 is assembled 
within speaker 10. An annular substantially flat 
diaphragm ring 130 is sized to overlie the por- 
tion of diaphragm periphery received by dia- 
phragm recess 105 and to rest upon surface 
85 134. Diaphragm ring 130 further defines a 
downwardly extending rim 133. When dia- 
phragm ring 130 is mated to surface 134 and 
diaphragm periphery 28 and secured by fas- 
teners through aperture 132 of diaphragm ring 
90 130 and apertures 135 of support 30, a 
gripping force is produced maintaining dia- 
phragm periphery 28 within diaphragm recess 
105. In other words, rim 133 of diaphragm 
ring 130 and diaphragm recess 105 captivate 
95 diaphragm periphery 28 in the assembled 
structure and maintain support diaphragm 25 
in a resilient manner. 

Spider 52 is bonded to voice coil 47 be- 
neath diaphragm 25 and to a snap ring 162, 
100 snap ring 162 is an annular plastic member 
having a snap ring surface 166 and an internal 
snap ring groove 165. While any number of 
plastic or similar materials may be used to 
fabricate snap ring 162, it has been found 
105 advantageous to use an elastic type material 
for reasons set forth below. 

Accordingly, spider 52 and snap ring 162 
are supported by voice coil 47 and diaphragm 
25 when the latter is removed from support 
110 30. 

The snap ring 162 may be readily assem- 
bled to hub 104 of support 30 by pressing 
snap ring surface 166 downward against hub 
lip 163 (Fig. 2A) until snap ring 162 expands 

115 permitting hub lip 163 to nest into snap ring 
groove 165. Once assembled the resilience of 
snap ring 162 maintains hub Jrp 163 within 
snap ring groove 165. Removal is accom- 
plished by lifting snap ring 166 away from 

120 first hub surface 164 and pulling snap ring 
groove 165 away from hub lip 163. 

Because diaphragm 25 may be assembled 
to support 30 by fasteners 131 and dia- 
phragm ring 130 and because snap ring 162 

125 may be snapped to hub 104, the completion 
of assembly required to install diaphragm 25 
within speaker 10 is greatly simprrfied. The 
structure shown in Fig. 12 further provides 
the advantage of easy removal of diaphragm 

130 25 from speaker 10. The entire diaphragm 
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and voice coil assembly may be removed by 
simply removing fasteners 131 from dia- 
phragm ring 130 and unsnapping snap ring 
162 thereafter diaphragm ring 130 is removed 
5 from surface 134 and diaphragm 25 may be 
drawn outwardly from speaker 10, It will be 
apparent to those skilled in the art that this 
easy removal of diaphragm 25 from the front 
side of speaker 10 presents considerable ad- 
10 vantages in diaphragm replacement and inter- 
change. This is particularly true once speaker 
10 has been installed in wall mount or cabinet 
configurations. Unlike prior art structures 
which require removal of the entire speaker 
15 assembly from the speaker housing or cabinet 
to change diaphragms, the structure shown in 
Fig. 12 permits exchange of diaphragm 25 
while speaker 10 remains mounted. 
Fig. 13 sets forth an alternate embodiment 
20 for providing electrical connections to voice 
coil winding 111 whereby binding post 102 is 
suppoaed within mounting frame 33 by an 
aperture 140 therein. Mounting frame 33 fur- 
ther defines an outwardly extending wire re- 
25 cess 136 within which a spring 141 is capti- 
vated. A conductive element 142 extends 
from the interior of wire recess 136 to bind- 
ing post 102. In operation, voice coil wire 
112 having its insulation removed from the 
30 end portion thereof is inserted into wire re- 
cess 136. In accordance with well known fab- 
rication techniques, captivated spring on 
screws 141 grips the inserted end of coil wire 
112 within recess 136 forcing it against con- 
35 ductor 142 to maintain an electrical connec- 
tion. The advantage of the structure shown in 
Fig, 13 is to provide a simplified assembly in 
which the advantage of a removable dia- 
phragm such as that shown in Fig. 12 may be 
40 utilized to hs fullest in that the coil wires 1 12 
of voice coil 147 of the diaphragm assembly 
may be connected to binding posts 102 {and 
thereby the rest of the speaker system) from 
the front position of speaker 10 during dia- 
45 phragm installation. 

Figs. 14A and 148 set forth an improved 
speaker system component constructed in 
which there is provided an acoustic resonator 
compatible both physically and acoustically 
50 with the present invention speaker system. 
The resonator has a reduced overall depth and 
the further advantage in which the extension 
of the resonant acoustic part then may be 
varied, the latter alters the acoustic perform- 
55 ance of the resonator specifically and with ref- 
erence to Fig. 14A a tunable resonator is 
shown which utilizes diaphragm 25 con- 
structed in accordance with the foregoing 
speaker embodiments. In addition, a support 
60 155 which comprises a generally annular • 
member having an exterior appearance sub- 
stantially similar to support 30 of the above- 
described speaker embodiments, fn further 
similarity to the above described speaker em- 
65 bodiments, diaphragm periphery 28 of dia- 



phragm 25 is bonded to support 155 in the 
same manner as that set forth in support 30 
of the embodiment shown in Rg. 2A. Support 
155 further defines a cylindrical tube 156 ex- 
70 tending inwardly from diaphragm 25 and a re- 
ceiving tube 160 having a cylindrical structure 
in which the interior dimension of tube 160 is 
sized to receive tube 156 in a snug or inter- 
ference type fit. As a result, the position of 
75 tube 160 upon tube 156 is maintained once 
its distance from diaphragm 25 is set by the 
friction between tubes 156 and 160. 

A similar structure for the resonator is set 
forth in Rg. 148 in which diaphragm 25 peri- 
80 phery 28 are again identical to those set forth 
in conjunction with the above-described 
speaker systems. A support 150 is substan- 
tially identical to support 155 of Fig. 14A 
with the exception that K defines a tube 151 
85 similar to tube 156 with the exception of an 
external thread 152. A second tube 153 
which is similar to tube 160 m the embodi- 
ment of Fig. 14A is distinguished therefrom 
however by an internal thread 154. Threads 
90 152 and 154 are cooperative and permit tube 
153 to be screwed onto tube 152. The dis- 
tance or length of the resulting combination of 
tubes 152 and 153 is adjusted by turning 
tube 153 with respect to support 150. 
95 The depth of the tube port for the acoustic 
resonator shown in Figs. 14A and 14B is phy- 
sically adjustable by moving the most remote 
tube with respect to the support. The result is 
to vary the effective tube length underlying 
100 diaphragm 25 to approximate an infinite pneu- 
matic hyperbolical resonator that can be in- 
stalled in the same cabinet configuratins of the 
present invention loud speakers above de- 
scribed. The resonator shown has the same 
105 advantages of reduced overall size and mini- 
mum cabinet depth requirements as the above 
described speakers. In addition, because the 
resonators shown are adjustable, notwith- 
standing their substantially reduced depths, 
1 10 they may be utilized in combination and are 
compatible with the above-described speaker 
assemblies. This provides an overall combina- 
tion speaker and resonator structure which 
has the synergistic benefit of compatible 
115 structure and acoustic interaction to permit 
tuning or adjusting of the combined response 
of the present invention speaker and the pre- 
sent invention resonator such that the charac- 
teristics of the speaker may be compensated 
120 for by the resonator. While any number of 
compensations are achievable, one of the 
more advantageous compensations results 
from the ability of the combined structure to 
overcome what is otherwise a deleterious ef- 
125 feet in speaker systems often referred to as 
'speaker aging'. Because of the gradual 
loosening of the suspension of speaker sys- 
tems with repeated use, a shift in the reso- 
nance characteristics of the speaker results 
130 and the speaker 'ages'. In the absence of the 
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present invention resonator, such shifts in 
speaker resonance and characteristics with ag- 
ing would result in an alteration of the system 
performance form that optimally designed and 
5 originally manufactured. However, as will be 
apparent to those skilled in the art, the reso- 
nator may be adjusted in order to compensate 
for and to a great extent overcome this other- 
wise degrading effect in system performance. 
10 Figs. 16 and 17 set forth tubular sections 
160A provided with ribs 170 extending axially 
with and between the upper and lower rims 
thereof. The purpose of tubular sections 160A 
is to support mounting frame 30 of speaker 
15 10 and also mounting frame 150. As illus- 
trated in Fig. 17 a combination of two tubular 
sections 160A are interlockingly mounted by 
way of threaded screw connections 154, 
pressure fitted insertable within the speaker 
20 cabinet (as shown by dotted lines) for the 
additional purpose of increasing the stability of 
the cabinet. It should also be noted that from 
one single support system (the basket of the 
prior art) combinations of varieties of speakers 
25 may be utilized to build any desired specific 
combination thereof. 

What has been shown is a compact, ex- 
tremely shallow loud speaker structure and ac- 
companying resonator which facilitates ease of 
30 assembly and quality audio production to- 
gether with fiexibBity in applcations and 
achieves substantial advantage over prior art 
cone speaker structure. While particular em- 
bodiments of the present invention have been 
35 set forth and explanations thereof have been 
extensive, the extent of such descriptions is 
to be illustrative of the present invention 
rather than limiting. The invention is set forth 
in its true scope in the appended claims. 

40 

CLAIMS 

1. A loud speaker construction combina- 
tion comprising a one piece planar support 
component, having a top plate, an exterior 

45 first face, an interior second face, and an ex- 
terior planar peripheral frame having regular 
geometry frontal dimensions, said frame hav- 
ing not more than eight mounting holes regu- 
larly disposed through said frame, said frame 

50 having an inner and outer edge, multiple 
spokes extending radially inwardly from said 
peripheral frame at uniform angular positions, 
sard multiple spokes being less than nine in 
number, said multiple spokes integrally se- 

55 cured to said peripheral frame, each said mul- 
tiple spoke having triangular cross section 
with one apex of each cross section facing 
said support component first face, a circular 
hub integrally secured to said multiple spokes 

60 angularly converging on said top pfaje, said 
hub having an exterior hub bevel edge adja- 
cent said multiple integral spokes, said hub 
having a central circular aperture disposed 
therethrough, said hub having an adapth/ery 

65 sized circular recess centrally disposed in the 



second face of said hub, a planar back plate 
adaptively sized and having a first planar face, 
and a second planar face, a circular permanent 
planar ring magnet having first and second 
70 planar faces, said first face of said magnet 
bonded to said first face of said back plate by 
a permanent bonding agent, a pole piece 
adaptively sized and concentrically fitting into 
the inner ring of sard ring magnet, perma- 
75 nently bonded by a bonding agent on the pole 
piece first face to said first face of said back 
plate, providing a concentric annular free chan- 
nel volume between said pole piece and said 
ring magnet, aforesaid planar back plate and 
80 bonded ring magnet and bonded pole piece 
are adaptively permanently bonded onto the 
second face of said top plate, a convex shal- 
low depth cone diaphragm having a peripheral 
edge bonded by a permanent cement to said 
85 inner edge of said peripheral frame, said con- 
vex cone diaphragm having a central exterior 
cone apex, a first exterior face and a second 
interior face, and a tubular thin voice coil hav- 
ing a voice coil first terminus secured by a 
90 permanent bonding to the interior second face 
of said diaphragm, said thin voice coil being 
concentrically disposed and secured in said 
face channel volume, providing audio vibra- 
tional excursions of said bonded coil and dia- 
95 phragm on receiving electrical signals in said 
voice coil, said loud speaker construction pro- 
viding a phase coherent audio signal. 

2. A loud speaker construction combina- 
tion comprising a one piece planar support 
100 component, having an exterior first face and 
an interior second face, and an exterior planar 
peripheral frame having regular geometry fron- 
tal dimensions, said frame having not more 
than eight mounu'ng holes regularly disposed 
105 through said frame, said frame having an inner 
and outer edge, multiple spokes extending ra- 
dially inwardly from said peripheral frame at 
uniform angular positions, said multiple spokes 
being less than nine in number, said multiple 
110 spokes integrally secured to said peripheral 
frame, each said multiple spoke having trian- 
gular cross section with one apex of each 
cross section facing said support component 
first face, a circular hub integrally secured to- 
115 said multiple spokes angularly converging on 
said hub, said hub having an exterior hub be- 
vel edge adjacent said multiple integral 
spokes, said hub having a central circular 
aperture disposed therethrough, said hub hav- 
120 ing an adaptively sized circular recess centrally 
disposed in the second face of said hub, a 
planar back plate adaptively sized and having 
a first planar face and a second planar face, a 
circular permanent planar ring magnet having 
125 first and second planar faces, said first face of 
said magner bonded to said first face of said 
back plate by a permanent bonding agent, a 
pole piece adaptively sized and concentrically 
fitting into the inner ring of said ring magnet, 
130 permanently bonded by a bonding agent on 
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the pole piece first face to said first face of 
said back plate, providing a concentric annular 
free channel volume between said pole piece 
and said ring magnet, aforesaid planar back 
5 plate and bonded ring magnet and bonded 
pole piece are adaptlvely permanently bonded 
Into the second face of said hub, a convex 
shallow depth cone diaphragm having a per- 
ipheral edge bonded by a permanent cement 
10 to said inner edge of said peripheral frame, 
said convex cone diaphragm having a central 
exterior cone apex, a first exterior face, and a 
second interior face, a tubular thin voice coll 
having a voice coil first terminus secured by a 
15 permanent bonding to the interior second face 
of said diaphragm, said thin voice coil being 
concentrically disposed and secured in said 
free channel volume, providing audio vibra- 
tional executions of said bonded coil and dia- 
20 phragm on receiving electrical signals in said 
voice coil, and a thin circularly crimped annular 
disc spider sheet having an inner periphery 
and an outer periphery, said inner periphery 
being permanently bonded circularly to said 
25 voice coll, and said outer periphery being per- 
manently bonded circularly to said bevelled 
edge of said hub, said loud speaker construc- 
tion providing a phase coherent audio signal. 
3. A loud speaker construction combina- 
30 rion comprising a one piece planar support 
component, having a top plate, an exterior 
first face, an interior second face, and an ex- 
terior planar peripheral frame having regular 
geometry frontal dimensions, said frame hav- 
35 ing not more than eight mounting holes regu- 
larly disposed through said frame, said frame 
having an inner and outer edge, multiple 
spokes extending radially inwardly from said 
peripheral frame at uniform angular positions, 
40 sard multiple spokes being less than nine in 
number, said multiple spokes integrally se- 
cured to said peripheral frame, each said mul- 
tiple spoke having triangular cross section 
with one apex of each cross section facing 
45 said support component first face, a circular 
hub Integrally secured to said multiple spokes 
angularly converging on said hub, said hub 
having an exterior hub bevel edge adjacent 
said multiple integral spokes, said hub having 
50 a central circular aperture disposed there- 
through, said hub having an adaptively sized 
circular recess, centrally disposed in the sec- 
ond face of said hub. a planar back plate 
adaptively sized and having a first planar face 
55 and a second planar face, a circular permanent 
planar ring magnet having first and second 
planar faces, said first face of said magnet 
bonded to said first face of said back plate by 
a permanent bonding agent, a pole piece 
60 adaptively sized and concentrically fitting into 
the inner ring of said ring magnet, perma- 
nently bonded by a bonding agent on the pole 
piece first face to said first face of said back 
plate, providing a concentric annular free chan- 
65 nel volume between said pole piece and said 



ring magnet, aforesaid planar back plate and 
bonded ring magnet and bonded pole piece 
are adapUvely permanently bonded into the 
second face of said top plate, a convex shal- 
70 low depth cone diaphragm having a peripheral 
edge bonded by a permanent cement to said 
inner edge of said peripheral frame, said con- 
vex cone diaphragm having a central exterior 
cone apex, a first exterior face, and a second 
75 interior face, a tubular thin voice coil having a 
voice coil first terminus secured by a perma- 
nent bonding to the interior second face of 
said diaphragm, said thin voice coil being con- 
centrically disposed and secured in said free 
80 channel volume, providing audio vibrational ex- 
cursions of said bonded coll and diaphragm 
on receiving electrical signals in said voice 
coil, a thin circularly crimped annular disc spi- 
der sheet having an inner periphery and an 
85 outer periphery, said inner periphery being per- 
manently bonded circularly to said voice coil, 
and said outer periphery being permanently 
bonded circularly to said bevelled edge of said 
hub and, aforesaid loud speaker construction 
90 having a depth magnitude from said first face 
of said back plate to said cone diaphragm 
apex of approximately one and one-half 
inches, said loud speaker construction provid- 
ing a phase coherent audio signals. 
95 4. A loud speaker according to any pre- 
ceding claim wherein, the exterior planar frame 
has a bevelled outer edge. 

5. A loud speaker construction in combina- 
tion, comprising a speaker enclosure having a 

100 thin depth, and having an adaptively sized 
frontal area plane, a phase coherent low fre- 
quency loud speaker of the construction de- 
scribed in claim 1 , the voice coil of aforesaid 
loud speaker disposed in the plane of said 

105 enclosure frontal plane, and at least one 

higher frequency loud speaker than aforesaid 
low frequency loud speaker, the voice coit of 
aforesaid higher frequency loud speaker dis- 
posed in the plane of said enclosure frontal 

110 plane. 

6. A loud speaker comprising:- 

a rigid substantially planar support member 
having an interior hub portion, an annular 
frame portion spaced apart from said hub por- 
115 tion, and a plurality of radially extending 

spokes coupling said hub portion and said an- 
nular frame portion, said hub portion further 
defining a center aperture and a concentric re- 
cess; 

120 a magnetic assembly having a cylindrical 
central pole piece having an outer diameter 
smaller than that of said center aperture, and 
an annular ring magnet concentrically disposed 
about a portion of said pole piece having an 

125 inner diameter greater than said outer diameter 
of said pole piece; 

a volume chamber formed by the space be- 
tween said pole piece and said ring magnet; 
a voic.e coil assembly having a cylindrical 

130 insulative tube and a conductive electric wind- % 



10 



GB 2 166 023 A 10 



ing wound upon said insulative tube; 

a generally dome-shaped first diaphragm 
having a convex exterior surface and a con- 
cave interior surface; 
5 means attaching said voice coiJ insulative 
tube to said concave interior surface of said 
first diaphragm; and 

means resiliency supporting said first dia- 
phragm from said annular frame portion of 

10 said support member such that said convex 
exterior surface faces outwardly from said 
support member and said voice coil assembly 
extends into said volume chamber. 
7. A loud speaker as set forth in claim 6 

15 wherein said means resiliency supporting said 
first diaphragm include an annular resilient 
member having a first surface portion attached 
to said first diaphragm and a second surface 
portion attached to said annular frame portion. 

20 8. A loud speaker as set forth in claim 7 
wherein said annular frame portion defines a 
first recess and wherein said second surface 
portion of said annular resilient member is re- 
ceived within said first recess. 

25 9. A loud speaker as set forth in claim 8 
wherein said annular resilient member is adhe- 
sively bonded to said first diaphragm. 

10. A loud speaker as set forth in claim 8 
or claim 9 wherein said annular resilient mem- 

30 ber is adhesively bonded to said first recess. 

11. A loud speaker as set forth in claim 9 
further including an annular diaphragm ring and 
means securing said annular diaphragm ring to 
said annular frame portion such that a portion 

35 of said annular resilient member is secured 
within said first recess without adhesive bond- 
ing. 

12. A loud speaker as set forth in any one 
of claims 6 to 11 wherein said magnetic as- 

40 sembly further includes an annular top plate 
and an annular back plate and wherein said 
pole piece is adhesively bonded to said back 
plate and said annular ring magnet and said 
top plate are respectively bonded to said back 

45 plate such that said back plate, said annular 
ring magnet, and said top plate are concentri- 
cally arranged with respect to said pole piece. 

13. A loud speaker as set forth in claim 
12 wherein said concentric recess and said 

50 top plate each define cooperative threaded 
portions and wherein said magnetic assembly 
is supported entirely by the cooperation of 
said cooperative threaded portions. 

14. A loud speaker as set forth in any one 
55 of claims 6 to 13 further including a generally 

torroidal heat sink disposed about and sup- 
ported by said hub portion. 

15. A loud speaker as set forth in claim 
14 wherein said heat sink defines first and 

60 second surfaces and a plurality of cooling fins 
extending radially from said first surface and a 
plurality of cooling passages, said cooling pas- 
sages extending from the regions between 
said cooling fins to said second surface of 

65 said heat sink. 



16. A loud speaker as set forth in any one 
of claims 6 to 1 5 wherein said first diaphragm 
includes a plurality of reinforcing members at- 
tached to said insulative tube and to said con- 

70 cave surface of said first diaphragm. 

17. An Improved loud speaker as set forth 
in any one of claims 6 to 15 wherein said 
first diaphragm further includes a second dia- 
phragm smaller than said first diaphragm and 

75 means supporting said second diaphragm in a 
spaced relationship with said convex surface 
of said first diaphragm. 

18. A loud speaker as set forth in claim 
17 wherein said means supporting said sec- 

80 ond diaphragm comprise a resilient acoustic 
dampening material. 

19. A loud speaker as set forth in any one 
of claims 6 to 1 5 further including an adjust- 
able acoustic resonator for modifying the 

85 acoustic characteristics of said improved loud 
speaker, said adjustable acoustic .resonator in- 
cluding:- 

a second diaphragm having a generally 
domed shape; 
90 an annular support flange; 

a resilient ring coupling said second dia- 
phragm to said annular support flange such 
that said second diaphragm is movable with 
respect to said annular support flange; and 
95 an adjustable length acoustic tube coupled 
to said annular support flange providing a vari- 
able acoustic tuning element whereby the 
acoustic resonance of said resonator may be 
varied by adjusting the length of said acoustic 
100 tube. 

20. A loud speaker as set forth in claim 
19 wherein said adjustable length acoustic 
tube includes a first cylinder coupled directly 
to said annular support flange; and a second 

105 cylinder sized to fit snugly within said first 
cylinder, whereby the effective length of the 
combination of said first and second cylinders 
is varied by sliding said second cylinder with 
respect to said first cylinder. 

1 10 21. A loud speaker as set forth in claim 
19 wherein said adjustable length acoustic 
tube includes a first cylinder coupled directly 
to said annular support flange and defining an 
external threaded portion and a second cylin- 

115 der sized to fit within first cylinder and defin- 
ing an internal threaded portion having a 
thread compatible with and received by said 
external threaded portion, whereby the effec- 
tive length of the combination of said first and 

120 second cylinders is varied by turning said sec- 
ond cylinder with respect to said first cylinder. 

22. A loud speaker as set forth in claim 
1 1 wherein said interior hub portion defines 
an outwardly extending lip and wherein said 

125 improved loud speaker further Includes a resili- 
ent dust cover coupled to and extending out- 
wardly from said insulative tube of sard voice 
coil; and means for removably attaching said 
resilient dust cover to said outwardly extend- 

130 ing -lip of said interior hub. 
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23. A loud speaker as set forth in claim 
22 wherein said means for removably attach- 
ing include an annular ring of elastic material 
bonded to said resilient dust cover and defln- 

5 ing an internal groove for receiving sard ex- 
tending fip when said annular ring of elastic 
material Is forced against said interna! hub. 

24. A loud speaker substantially as herein- 
before described with reference to Figs. IB to 

10 18 of the accompanying drawings. 
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